Introduction
Mycobacterium tuberculosis (Mtb) is a facultative intracellular pathogen whose host immune response plays a vital role in infection outcome. The immune control of this infection is dependent upon the cellular immune response, mediated predominantly by CD4+ and CD8+ cells, with T helper (Th) 1 cytokine production, as IFN-γ, the major component in stimulation/activation of macrophages in infection control and bacillus elimination [1] .
Helminths and other parasites, as well as bacteria, fungi and some viruses, perpetrate neglected tropical diseases that affect low-income populations [2] .
Recent studies suggest an overlap of TB and parasite endemic regions, which can result in coinfection [3] . The chronic helminth infections are associated with Th2 immune response [4] , and TB is dependent to effector response of Th1 cell.
Studies have reported, in TB/Helminth co infected patients, a decrease in the production of IL-2 and INF-γ [5] [6] [7] or an increase of IL-6, IL-10 and TNF-α [8] [9] [10] [11] . In a study with CBA mice, with a serious form of schistosomiasis, there were significant reductions in IL-17, INF-γ, TNF-α, IL-23, IL-6 and IL-1β levels with increases of IL-4, IL-5, IL-10 and TNF-β [12] . On the other hand, despite other reports of decreases in INF-γ levels with increases in IL-10, IL-4 and IL-5 were immeasurable [13] . Observations in culture supernatants of whole blood stimulated with PPD (purified protein derivative) described decreased IFN-γ production in TB/helminth co infected individuals vaccinated with BCG (Bacille Calmette Guerin) [14] . However, other authors have reported that coinfection does not affect IFN-γ production to Mtb infection [15] [16] [17]. It is possible that different immunological findings linked to the recognition of different mycobacterial antigens use in those studies. Henceforth, in order to get insight that specific mycobacterial antigens may generate different Th1/Th2 pattern, we measured plasm IgE and the principal cytokines induced by peripheral blood mononuclear cells (PBMC) of IP co infected donors and tuberculous patients. They were stimulated with two specific-Mtb antigens 38 kDa/CFP-10 and ESAT-6/CFP-10; both attractive alternatives for TB/infection diagnosis by interferon gamma release assay [18] [19] [20] .
Methods

Study Participants and Ethical Statement
From June 2011 to December 2012, blood and one-stool samples were collected from control and TB patients. All attended at Clementino Fraga Filho University Hospital, Pedro Ernesto University Hospital, School Center Germano Sinval Farias/FIOCRUZ, and Family Clinic Victor Valla (CFVV) seated in Manguinhos Complex, an urban slum area with high TB incidence rate, all in Rio de Janeiro, Brazil. TB diagnostic followed the World Health Organization (WHO) criteria [21] . A consent form was required prior to enrollment and collect samples. The feces were examined by Lutz method [22] . All participants were ≥18 years old, negative serology for HIV. Patients groups included TB patients and asymptomatic community control positive for intestinal parasitism referred as IPTB and IPCC, respectively, tuberculous patients (TB) and healthy community controls (CC). Survey of participant socio-environment conditions were obtained on a structured questionnaire on age, education, income, domicile characteristic, drinking water and garbage collection.
The National Ethical Committee for Human Research n. 548/10 approved the study and all participants signed a written informed consent before samples donation.
Antigens
The mycobacterial recombinant antigens early secretory antigenic target 6 (ESAT-6) and 38 kDa, also known as phosphate-specific transporter-1 (PstS1), were separately combined with 10 kDa culture filtrate protein (CFP-10). All kindly donated by LIONEX GmbH (Braunschweig, Germany) and used at a final concentration of 5 µg/mL, as well as Concanavalin A mitogen (ConA; Sigma, St. Louis, MO) [18] .
Peripheral Blood Mononuclear Cells (PBMC) In Vitro Culture
PBMCs were isolated and cultured as previously described [18] . Briefly, PBMCs were obtained from heparinized venous blood by Ficoll-Hypaque density gradient centrifugation (GE Healthcare, Uppsala, Sweden). For the cell culture, 1 × 10 6 cells/ml were plated in triplicate in 96-well, flat-bottom microtiter plates (Nunc, Swedesboro, NJ) in 300 µl of RPMI 1640-HEPES supplemented with 20% autologous serum and 100 U/ml penicillin and streptomycin (Gibco, Paisley, United Kingdom) in the presence or absence of the antigens. The plates were placed at 37˚C in a humidified 5% CO 2 incubator for 5 days. Culture supernatants (200 µl/well for each triplicate) were pooled and then stored at −70˚C for further cytokine quantification.
Cytokines Detection
The IFN-γ was determined with the commercial kit based on immunoenzyme assay (ELISA), DuoSet IFN-γ kit (R&D, USA). Cut off was previously estab- 
Quantification of IgE
Plasm IgE levels were measured by AccuBindTM ELISA Microwells Immunoglobulin E (IgE) test system (Monobind, Inc., Lake Forest, CA), according to manufacturer's instructions. 
Statistical Analysis
Results
Characteristics of Study Participants and Frequency of IP Infection
As showed in Table 1 Among IPTB the smoking habit was higher (p = 0.046). Elderly (p < 0.001) and females (p = 0.034) were associated with CC, while most TB patients were male (p = 0.02) earning less than two minimum wage. Over half of the participants receive more than two minimum salaries and had at most elementary education.
Body mass index was significantly lower in both TB groups (p < 0.005). Most participants (>89%) reported to receive city treated water for consumption and for 58.3%, the municipal garbage collection was held 2 -3 times per week
Of 111 individuals enrolled in the study, 50 (45%) tested positive for IP, concurrent IPTB infection being 28.5% (10/35) and 52.6% (40/76) asymptomatic IPCC. In both IP infected groups, Endolimax nana (20/50, 40%) and Entamoeba coli (11/50, 22%), followed by E. dispar (4/50, 8%) and Iodamoeba butschili
(1/50, 2%), were the most protozoan nonpathogenic identified. Among IPTB co infected subjects, 40% had pathogenic species Ascaris lumbricoides, Giardia intestinalis and Strongyloides stercoralis. The IPCC individuals had pathogenic 
IPTB Coinfection Did Not Influence the Production of INF-γ Specific Antigens
Of 108 participants tested for IFN-γ production 36 were CC, 38 IPCC, 25 TB patients and 9 IPTB (Table 3) . The IPTB exhibited a slightly lower average level of IFN-γ compared to that TB (p≥0.474) for both antigens, however, it was strongly high compared to that CC/IPCC (p<0.001). This tendency remained after strati- 
IPTB Coinfection Elicited Lower Specific ESAT-6/CFP-10 Production of IL-1β
The IPTB gave rise to a strong reduction of IL-1β compared to all others groups (Table 3) .
IPTB Coinfection Is Associated with Specific 38 kDa/CFP-10 Production of IL-8 Chemokine
The mean level of IL-8 was significantly increased associated to 38 kDa/CFP-10 stimuli in IPTB compared to both controls groups (p < 0.049). However, in response to ESAT-6/CFP-10 antigen, which compared with 38kDa/CFP-10, there was a significant expression in both CC groups (p ≤ 0.035). On the other hand, G-CSF chemokine lower mean level related to ESAT-6/CFP-10 stimuli in IP infected groups, but significance only for IPCC compared to both IP uninfected and IPCC in response to 38 kDa/CFP-10 compared to ESAT-6/CFP-10 stimuli (Table 3) .
TB Alone Is Associated with Specific 38 kDa/CFP-10 Production of IL-7 and IL12p70
The regulatory cytokines IL-7 and IL12p70 were significantly high in TB subjects compared to both controls groups (p ≤ 0.037), but IPTB elicited slightly IL-7
lower level (p = 0.067), all related to 38 kDa/CFP-10. Moreover, 38 kDa/CFP-10 elicited a significantly higher level of IL-7 than to ESAT-6/CFP-10 in TB group (p = 0.008) ( Table 3 ).
Discussion
In the present study, 45% of the studied individuals tested positive for IP, and among TB patients 28.5% were coinfected, a similar frequency to that in other studies [6] [15]. However, prevalence > 50% has also been described [23] [24]
[25]. This difference may be associated with sociodemographic characteristics of the populations studied, as recruiting only symptomatic IPTB inpatient [24] .
The higher rate of parasitism in asymptomatic controls (36%) was similar to other low-income populations in two other locations in the state of Rio de Janeiro (27.2% and 49.7%) [26] . However, contrary to other Brazilians findings [13] , 62% of positives in our study were infected with non-pathogenic protozoa, a commensal of the human gut, thus probably related to the bad quality available drinking water, despite most participants reporting access to municipally treated water. Thus, analyzes of the local water and soil are urgent in the area. ing parasite invasion or dissemination [28] . The significant partial Th2 cytokines expression (IL-5 and IL-13) in IPTB, associated to ESAT-6/CFP-10, is in accordance with the increased production of IgE. However, the failure in the significance related to TB could be that some TB patients harbor occult parasite infection and the study examined only a single stool sample from each participant.
Notwithstanding, this may not be the case because IgE level was significantly higher in the IPCC in relation to the CC group. Another possible explanation is that IgE has also risen in active TB, decreasing with treatment [29] , and here most TB patients were free of treatment with a higher average of IgE (58.8 ± 71.6) compared to those treated (22.5 ± 27.6). However, our small sample size and/or no prevalence of pathogenic intestinal parasites such as A. lumbricoides, T. trichiuris or S. stercoralis as reported by others could also be associated [8] .
Additionally, IPTB clearly increases partially the Th2 and pro-inflammatory GM-CSF cytokines levels (but not IL-10) associated to the ESAT-6/CFP-10 stimuli. Thus, the high production of these cytokines in IPTB may favor the enhancing susceptibility to TB infection.
Previous studies have shown the TB gravidity associated with disease progression and with a low immune response in a broad range of T cell to pathogens stimulation. Beside TNF-α, it was detected lower IL-1β and IL-7 levels in patients with poor TB clinical evolution after dead M. tuberculosis cell stimulation [30] [31]. In our study, lower level of IL-1β was associated to ESAT-6/CFP-10, while IL-7 levels were lower but associated with 38 kDa/CFP-10. Thus, IP and different antigens may impair the immune response. IL-1β is important for walling off infection and preventing dissemination of microbial infection being of critical importance to control M. tuberculosis infection. In an animal model co infected with intestinal nematodes Heligmosomoides polygyrus and subsequently Schistosoma mansoni, there was a reduction in a number of eggs and proinflammatory cytokines as well as Th1 profile, including IL-1β [12] . This authors suggests that presence of an intestinal parasite negatively influences IL-1β production, corroborating our findings. The IL-7 act upon T cell response development and in turn homeostasis, aiming to control the infection. Feske et al. [32] identified IL-7 and IL-15 associated a high IFN-γ (ELISPOT ® ) in response to ESAT-6/CFP10 and cytomegalovirus antigens in TB patients. In our study there wasn't any significant difference for these cytokines related to ESAT-6/ The IL-8, or CXC chemokine, an important neutrophil-activating factor, provides the chemotaxis of inflammatory cells to the site of infection [1] and pretreatment with IL-8 inhibit granuloma formation. Among the pro-inflammatory cytokines assayed in our study, the IL-8 was the only one significantly up-modulated in IPTB, although without significance as compared to TB, but associated to 38 kDa/CFP-10 stimuli. Active IL-8 may help to kill the pathogen and so initiate events that curb microorganism growth. These data suggest that increased production of IL-8 may be associated with stimuli used and the status of co infection may favor production of this chemokine.
Neutrophils are the most numerous types of lymphocytes, and the factors involved in their differentiation are G-CSF, IL-6, GM-CSF, and IL-13, which are critical in the activation of the antibacterial neutrophils response [33] [34]. In our findings, the GM-CSF pro-inflammatory cytokine and the IL-13, together with IL-5, type Th2 cytokines were differentially express in IPTB, associated with ESAT-6/CFP-10, thus possibly suggesting differential modulation to the antigen in co infected TB host, which may play a role in either susceptibility to disease or enhanced disease severity [35] . However, helminth specific treatment must provide to evaluate the effect on immune response reversion.
This study has, as major limitations, the reduced number of IPTB, the absence of prevalent pathogenic IP species and no surveillance of the evolution of the immune response after IP-specific therapy. However, our study suggests that in addition to parasite infections, mycobacterial antigens immune responses inducer may be an extra reason for these controversies.
Conclusion
This study underlines that: i) Coincident TB-intestinal parasites did not exert a significant inhibitory effect on IgE levels, as well as in IFN-γ production in response to either of two antigens, ii) however, cytokine profiles were partially significantly biased toward a Th2 type (IL-5 and IL-13) and a pro-inflammatory GM-CSF, and borderline lower to IL-1β, but associated with ESAT-6/CFP-10;
while IL-7 was borderline lower, and IL-8 was significantly high related to both CC groups, with 38 kDa/CFP-10. Last, further studies before and after anthelminthic treatment are needed.
